A new multivariate curve resolution method is proposed according to the parametric signal fitting (PSF) strategy for the analysis of overlapping and highly asymmetric voltammetric signals. The method is based on the fitting of the well-known exponentially modified Gaussian (EMG) function, which had been previously used for the resolution of coeluted chromatographic peaks. The main advantage of this function is that one of the adjustable parameters is just the area under the peak, which is a magnitude more reliable that the peak height in the case of electrochemical systems providing highly asymmetric voltammograms. After a preliminary test with simulated data, the proposed method has been successfully applied to the experimental system Cd(II)-Cysteine in both mercury and carbon screen-printed electrodes.
of Eqn.(1) can be applied: (2) The functions described by Eqns. (1) and (2) are symmetric with respect to the line where E=b and where both expressions reach the same I value.
For quite symmetric peaks, the fitting of the previous EMG functions is slow and not very accurate, so that the GPA function can be a better option:
where 'a' is now the peak height, 'b' is the peak potential and 'c' and 'd' are related to the peak width at the left side and the right side of the maximum, respectively. Figure 1 compares the shapes of the functions described by Eqns. (1)- (3) , that in the following we will call EMG(-), EMG(+) and GPA, respectively. Figure 2 summarises the structure of the method PSF-EMG which adjusts by least squares the experimental voltammograms to the previous equations by means of several home-made functions implemented in Matlab [13] and freely available at the website http://www.ub.edu/dqaelc/programes_eng.html. It must be remarked the initial estimate of the half-peak widths at both sides of every maximum, which allows the program to select the most appropriate equation depending on the ratio between such widths. As a result of the application of the method, concentration profiles can be obtained that can be used to determine the stoichiometry of the formed complexes and, in the most favourable situations, could be fitted to complexation models to estimate the corresponding stability constants, as it is made in reference [14] . The accuracy of the fitting is analysed in terms of the lack of fit (lof), defined as: (4) where are the elements of the experimental data matrix and are the elements of the reproduced data matrix with the optimised EMG parameters. 
Material and Methods

Chemicals and instrumentation
Procedures
Measurements were performed by DPP and LSV in a 0. added to the simulated data. Table 1 summarises the values of the four EMG parameters used for each peak. In the case of 'b', their values were progressively changing for two of the peaks along the whole dataset to simulate the typical potential shift of many voltammetric signals.
Results and discussion
Analysis of simulated data
Fig . 3 illustrates the analysis of the data simulated as described in section 3.3 by using both EMG and GPA methods. In both cases, three components have been used to describe the system, corresponding to the metal ion, the metal complex and the free ligand ( Fig. 3a) . The application of EMG(-) algorithm was adjusted by least-squares to all the components producing an excellent data reproduction ( Fig. 3b ) with a very low lack of fit (lof) 1.1 %, whereas the adjustment of GPA method to the same simulated data yields a worse data reproduction (data not shown) with a higher lof of 9.9%.
In order to validate the applicability of EMG to this type of data, the theoretical and the adjusted concentration profiles from simulated data were compared. As it is shown in Fig. 3c , there is a good agreement between both theoretical and adjusted concentration profiles provided by EMG method. Moreover, as Table 1 shows, EMG fitting yields adjusted parameters very close to these used in the simulation. In contrast, the concentration profiles fitted by GPA method show a similar trend than theoretical ones but, as it can be expected, GPA is not able to adjust correctly the area of the strongly asymmetric voltammetric data (Fig. 3d) . Therefore, at the view of the results, it can be concluded that EMG method is able to successfully adjust non-linear voltammetric data including strongly asymmetric and overlapping signals. Thus, the next step would be the application of the developed EMG method to an experimental system such as Cd(II)-Cys. which also shows a strong asymmetry with a pronounced left queue. As for signal 3, it is slightly asymmetric and still has a slight shift, whereas signal 2 remains practically at the same potential and is quite symmetric. These facts, which can be observed in detail in inset of Fig. 4a for some selected voltammograms, are consistent with the electrochemical reversibility of Cd(II) reduction, in contrast with the irreversible character of both the reduction of the inert Cd(II)-Cys complex and the anodic oxidation of the free Cys. These behaviours suggest a decrease in the bilinearity of the data. Thus, the application of MCR-ALS is not appropriate since a certain rotational ambiguity in the attribution of the pure spectrum to each component is observed and more components are required to explain this lack of linearity [5] [6] [7] [8] [16] [17] . At the view of both non-bilinearity of the data and the strong asymmetry we applied the developed PSF-EMG method to this Cd(II)-Cys system and compared the obtained results with those computed by the simplest PSF strategy (GPA), based on the fitting of two gaussian equations to each voltammetric peak [5, 7] .
Cd(II)-Cys system studied by DPP at SMDE
As it can be seen in Fig. 4a (red lines) the use of this EMG method produces an excellent data reproduction with the three previously described components, i.e., Cd(II)-complex, free Cd(II) ion and free Cys. In this case, EMG (+, left queue) algorithm was adjusted by least-squares to component 2 whereas EMG (-, right queue) was perfectly fitted to components 1 and 3. In contrast, the reproduced data provided by the application of GPA method to the experimental data shows a lack of fit especially visible in components 1 and 3 (Fig. 4b, red lines) . Then, the strong asymmetry observed in these signals hinders the adjustment of the two gaussian functions. Thus, it is clear that the EMG method produces a very good lof as compared to GPA which cannot completely adjust these non-gaussian signals (Table 2) . It is interesting to compare the EMG results with these obtained through the ALPA algorithm [8] . The data reproduction is also very good (not shown) and the lack of fit is slightly higher, as Table   2 shows.
When EMG method is applied to current matrix obtained from direct titration the concentration profiles (Fig. 4c) and EMG (-, right queue) to components 1 and 3 provides the concentration profiles with a very low lack of fit (5.8 %). ALPA can be also applied with similar results and with a slightly higher lof (6.8 %). In contrast, the application of GPA method to the same voltammetric data resulted in a too large lof (19.3%).
Taking advantage of the peak-shaped adjustment, the EMG program yields a concentration profiles matrix from the fitted peak areas (Fig. 5b) . As it can be seen, the concentration of free Cys (component 3) decreases until its disappearance at ratio 0.5 indicating the formation of the ML 2 complex. With the first Cd(II) additions component 1 corresponding to the Cd-complex signal increases until the ratio 0.5 and then it stabilizes. The formation of ML 2 complex is also confirmed by the appearance of the free Cd(II) signal (component 2) at the same ratio. The application of GPA method to these experimental data produces similar concentration profiles (Fig. 5c ) but also certain ambiguities related with the emergence of free Cd(II) signal and the stabilization of Cd(II)-complex signal which take place a ratio higher than 0.5 can be observed. This anomalous behaviour could be attributed to the strong asymmetry combined with the overlapping of the signals.
The successful application of EMG method to reverse titration of the system Cd:Cys corroborates the goodness of this method for the adjustment of non-gaussian peak-shape in non-linear and overlapped voltammetric data reaching the expected complexation model.
Cd(II)-Cys system studied by LSV at SPCE
The high toxicity of the soluble salts of mercury as well as the emergence of the screenprinting technology as a valuable alternative to mercury electrodes for the electrochemical and chemometric study of metal complexation by thiol-rich peptides [18] lead us to use for the first time a screen-printed carbon electrode (SPCE) instead of SMDE for the study of Cd(II):Cys system.
The titration of Cys with Cd(II) solution (reverse titration) was carried out by LSV in SPCE at 50 mV s -1 . In contrast with mercury electrodes, carbon electrodes do not produce anodic signals for free Cys in the potential region studied (unlike mercury, carbon is not easily oxidised by thiols to form highly stable sulphides). As a consequence, the voltammetric data obtained were relatively simple, with only two signals (Fig. 6a, black lines) , one related with the Cd-complex at ca. -0.7 V and other signal at ca. -1.1 V corresponding to the free Cd(II) which, although it is expected to be peak-shaped, is strongly overlapping with the exponential growth of the baseline caused by the reduction of the solvent. For this reason it is interesting to evaluate the capability of the EMG method to analyse these data, since neither GPA nor ALPA methods are able to adjust the exponential-like signal strongly overlapping with the background current [19] . It is true that MCR-ALS could explain the evolution of the baseline by taking it as a component, but the large potential shifts of the signals would produce a considerable error.
As it can be seen in Fig. 6a (red lines) the use of EMG method produces a good data reproduction with a very low lof of 3.2 %. In this adjustment, EMG (-, right queue) algorithm was fitted by least-squares to component 2 whereas EMG (+, left queue) was perfectly adjusted to the intricate combination of a small peak overlapped to a fast growing baseline (components 1). Indeed, EMG fitting seems to consider this last signal as the queue of a very high peak. In contrast, the reproduced data provided by GPA method in Fig. 6b (red lines) show a good adjustment of the Cd(II)-complex peak which shifts and changes the width, but as mentioned above it is not able to fit the strongly overlapping peak (Inset Fig. 6b ) producing a lack of fit of 10.8 %.
When EMG method is applied to the experimental matrix, the resulting concentration profiles (Fig. 6c) show that from the first Cd(II) addition the component 2 related to . The parameters used in the simulation were a= 0.9, b=0.6, c=500, d=150
for GPA and a= 0.1, b=0.6, c=0.02, d=0.07 for both EMG functions. Components assignments: 1 -free Cd(II)-ion; 2 -Cd(II)-complex. 
